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Question 1         (20 marks) 
The single line diagram of a three phase power system is shown in Figure 1 below. 
Select a common base of 100 MVA and 22 kV on the generator terminals. Draw an 
impedance diagram with all impedances including the load impedance marked in 
per unit. The manufacturer’s data for each device is given in the Table 1. 
 
 
Figure 1:  Single line diagram for the system of Question 1. 
 
 
Table 1: Manufacturer’s data of devices of the system in Figure 1. 
 






G 90 MVA 22 kV 18 % 
T1 50 MVA 22/220 kV 10 % 
T2 40 MVA 220/11 kV 6 % 
T3 40 MVA 22/110 kV 6.4 % 
T4 40 MVA 110/11 kV 8 % 
M 66.5 MVA 10.45 kV 18.5 % 
Line 1   48.4 Ω 
Line 2   65.43 Ω 
 
The three phase load at bus 4 absorbs 57 MVA, 0.6 power factor lagging at 
10.45 kV. You may consider both generator and motor to be star-connected and 
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Question 2         (10 marks) 
Define the following terms. One or two sentences should be enough. Long 
descriptions are discouraged. 
Q2.1  Bus 
Q2.2 Infinite bus 




Q2.7 Balanced system 
Q2.8 Phase sequence 
Q2.9 Fault  
Q2.10 Synchronisation  
 
Question 3         (10 marks) 
Q3.1 A hydroelectric set has to generate at 50Hz.  The highest speed for the 
turbine is 350 rpm. How many poles must the generator have, and what 
would be the corresponding speed?    (2 marks) 
 
Q3.2  A three phase 5 kVA, 208V, 4-pole, 60 Hz, star-connected synchronous 
machine has negligible stator winding resistance and a synchronous 
reactance of 8 ohms per phase at rated terminal voltage. The machine is 
operated as a generator in parallel with a three-phase 208V 60 Hz power 
supply. Determine the excitation voltage and the power angle when the 
machine is delivering rated kVA at 0.8 PF lagging.  (6 marks) 
Q3.3  Draw the phasor diagram of the above condition.   (2 marks) 
 
Question 4         (10 marks) 
A single phase 100 kVA, 1000/100 volt transformer gave the following test results. 
Open circuit test with HV side open: 100 volt, 6 amp, 400 watts. 
Short circuit test: 50 volt, 100 amp, 1800 watts. 
 
Determine the approximate equivalent circuit of the transformer referred to the HV 
side.  
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FORMULAS 
(Symbols have their usual meanings in the context of the particular formula) 
 
MAGNETIC CIRCUITS: A/dNμ/Nλ/iL 22  ;    φHNi  ; 









































































INDUCTION MACHINES: (Torque and power are given on a per phase basis)  
p
f
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K a  ; ωKE aa  ; aa IKT  ; ωTIEP aaout  ; La=p wound. 
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